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Secondary malignancies have become an increasing problem for both clinicians and cancer survivors. Secondary acute myeloid leukemia (sAML) evolving from a prior underlying bone marrow disorder or as a product of previous exposure to leukemogenic chemotherapy has been welldescribed. ^[@ref1],[@ref2]^ Patients previously treated with alkylating agents typically have a mean latency period of 5-7 years between the primary tumor and development of sAML, that is often associated with complete or partial deletion of chromosome 5 or 7 and/or complex karyotypes.^[@ref3]^ In contrast, sAML related to prior exposure to topoisomerase II inhibitors is characterized by a shorter latency period (several months to 3 years) and rearrangements at 11q23.^[@ref3],[@ref4]^ In comparison to sAML and secondary myelodysplasia (sMDS), secondary acute lymphoblastic leukemia (sALL) is rare, and has not been well characterized. We present a report of two patients who developed acute lymphoblastic leukemia (ALL) following complete remission of diffuse large B-cell lymphoma (DLBCL).

Case Report \#1 {#sec1-2}
===============

The first patient was a 60-year-old male with past medical history of psoriasis controlled with cutaneous therapy who originally presented with a new maculopapular rash in August of 2015. A punch biopsy revealed cutaneous lymphoma with a mixture of CD3+ reactive T-cells and a predominance of CD20+ B cells. BCL1 staining was negative, BCL2, BCL6, CD10, and CD21 staining was positive, and Ki-67 revealed an intermediate nuclear proliferation rate compatible with a low-grade lymphoma. On Positron Emission Tomography/ Computed Tomography (PET/CT) scan, he was found to have extensive lymph node and possible bone marrow involvement. Parotid gland dissection and biopsy revealed DLBCL (40-50%) and follicular lymphoma, World Health Organization (WHO) grade 1-2 (50-60%) with immunohistochemical (IHC) staining positive for CD20, PAX5, CD10, MYC, BCL2, and BCL6. Bone marrow aspiration and biopsy demonstrated follicular lymphoma in approximately 5% of marrow elements. The patient was treated with rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) for 6 cycles and achieved a complete remission followed by maintenance rituximab every 3 months. After 8 cycles of rituximab, 2 years after completion of initial therapy, repeat PET/CT scan revealed interval development of several foci of intense fluorodeoxyglucose (FDG) uptake in the bones, suspicious for new osseous lymphoproliferative disease. Bone marrow biopsy revealed B-lymphoblastic leukemia, involving about 90% of the marrow. Flow cytometric studies showed aberrant expression of partial dim CD15. Chromosome analysis revealed an abnormal male karyotype 46,XY,t(4;11) (q21;q23)\[10\]/46,XY\[10\] and fluorescence in situ hybridization (FISH) testing confirmed the mixed-lineage leukemia (MLL) rearrangement. A B-cell gene rearrangement/ clonality analysis was performed by polymerase chain reaction (PCR) on the bone marrow aspirate and revealed a different clone from that seen in the parotid gland biopsy done at original DLBCL diagnosis. At the time of ALL diagnosis, the patient was asymptomatic with normal complete blood count and negative cerebrospinal fluid (CSF) cytology. He underwent induction with augmented Berlin-Frankfurt- Munster (BFM) protocol withholding asparaginase due to his age, and achieved a complete response. Following consolidation, he underwent allogeneic stem cell transplant with a matched related donor and reduced intensity conditioning of busulfan 0.8 mg/kg q6h × 12 doses (day -10 through -7) and fludarabine 30 mg/m^2^ q24h × 5 doses (day -6 through -2) in addition to prophylactic cranial radiation. Post-bone marrow transplant bone marrow biopsy showed no evidence of disease and chimerism with \>97% of donor DNA. Currently, the patient is doing well five months post-transplant (2.5 years from original diagnosis of lymphoma).

Case Report \#2 {#sec1-3}
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The second patient was a 58-year-old female with past medical history of basal cell carcinoma who originally presented with multiple palpable masses of the left neck in September of 2015. Lymph node biopsy revealed grade 2 follicular lymphoma with predominately (60-70%) follicular architecture and zones of intrafollicular infiltration (CD10, CD20, PAX5, and BCL2 positive). PET/CT revealed extensive disease with FDG uptake in an enlarged spleen, multiple enlarged lymph nodes bilaterally, a soft-tissue mass in the region of the porta hepatis/pancreas, and throughout various osseous structures. Bone marrow biopsy showed involvement by follicular lymphoma in 35-40% of the marrow. The patient was enrolled in the IPI-145 clinical trial, receiving obinutuzumab (anti- CD20 monoclonal antibody) in combination with duvelisib (phosphoinositide 3- kinase (PI3K) inhibitor). She completed 1 year of therapy with near complete response. Ten months after therapy completion, she developed generalized muscle pain and enlarging left inguinal lymphadenopathy. PET/CT scan showed diffuse disease, including pelvic lymphadenopathy, osseous lesions, and intra and extrathoracic lymphadenopathy. Pelvic mass biopsy revealed follicular lymphoma grade 3B/double-hit DLBCL with FISH analysis positive for MYC and B-cell lymphoma 2 (BCL2) gene rearrangements. She received dose-adjusted etoposide, doxorubicin, vincristine, cyclophosphamide, and prednisone (EPOCH) for six cycles with intrathecal methotrexate (IT-MTX) for CNS prophylaxis and achieved a partial response. She then received two cycles of dexamethasone, high-dose cytarabine, and cisplatin (DHAP) with complete response followed by consolidation with an allogeneic stem cell transplant (matched related donor, reduced intensity conditioning of busulfan 0.8 mg/kg q6h x 12 doses (days -10 though -7) and fludarabine 30 mg/m^2^ q24h x 5 doses (days -6 through -2)). Two months posttransplant, she developed bony pains. Posttransplant PET/CT revealed intensely FDG avid mild splenomegaly and diffuse, heterogeneous bone marrow uptake with 23% abnormal circulating mononuclear cells on peripheral smear. Bone marrow biopsy revealed acute B-lymphoblastic leukemia involving 85% of marrow cellularity, and flow cytometry showed B-lymphoblastic leukemia (80% of total cells) expressing CD19, CD10, and terminal deoxynucleotidyl transferase (TdT). Chromosome analysis revealed an abnormal female complex karyotype with multiple recurrent abnormalities in 19 of 20 cells analyzed: 51, XX, der(5), +i(6), translocations involving chromosomes (1;5), (8;14), and (14;18), addition of chromosome 1, 7, 11, 16, and 17, and deletion of chromosome 13. FISH revealed t(8;14), +8q, t(14;18), and +14q. Hematologic malignancy sequencing panel was positive for mutations in Cyclin Dependent Kinase Inhibitor 2A (CDKN2A, c.522-1C\>A(p.V174_splice) with mutant allele fraction (MAF) 9%) and ETS Variant 6 (ETV6, c.218C\>T(p.A73V) with MAF 6%). She was started on augmented BFM induction without asparaginase but continued to have an increasing blast count and so was transitioned to blinatumumab. Bone marrow biopsy after cycle 1 revealed no leukemia involvement and a new mutation in DNA (cytosine-5)-methyltransferase 3 alpha (DNMT3A, c.928A\>T(p. I310F) with MAF 3%). She completed 2 cycles and received infusion of chimeric antigen receptor T cells (CAR-T cells) (tisagenlecleucel) following conditioning of fludarabine 25 mg/m^2^/day on days -4, -3, -2 and cyclophosphamide 250 mg/m^2^/day on days -4, -3, -2. Three months after CAR T-cellinfusion, PET/CT scan revealed a complete remission and bone marrow biopsy was negative for disease, including detection of minimal residual disease (MRD) by flow cytometry.
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sALL is a uncommon disease that has been reported to account for 2-10% of all cases of ALL.^[@ref5]^ Due its rarity and often underrecognition, the cytogenetic, molecular, and disease characteristics have not been as well-characterized as sMDS and sAML. However, some patterns have been observed. Rearrangements of the MLL gene on chromosome 11 appear to be more common among sALL patients compared to *de novo* ALL,^[@ref7]^ and sALL is often associated with t(4;11).^[@ref7],[@ref10]^ There is also a higher incidence of the pro-B (CD10-negative) immunophenotype with significantly higher expression of CD15 and CD65, compared to *de novo* CD10-positive ALL.^[@ref6],[@ref7]^ Finally, sALL patients are often older at diagnosis and have a lower overall survival than *de novo* ALL.^[@ref5],[@ref11]^

The pathogenesis of sALL is not fully clear and may be multifactorial. Given the high frequency of the MLL gene rearrangement, also associated with sAML and prior exposure to topoisomerase II inhibitors, many have assumed sALL is therapy-related. ^[@ref8],[@ref9]^ Other studies have suggested that, given the high incidence of familial malignancy in those patients with sALL, this disease process may be a result of an inherent predisposition to malignancies, as opposed to a result of prior therapy.^[@ref6],[@ref12]^ Lastly, this disease state could be a representation of clonal evolution from a prior malignancy. It is well known that patients with an original presentation of DLBCL or ALL often relapse with the same type of malignancy and such a secondary cancer is clonally related to the original diagnosis.^[@ref13]^ The transformation from a lymphoma to a leukemia would require a clonal relationship of mature B cells and immature lymphoblasts through acquisition or silencing of genes in order to produce the immature phenotype. This is less likely, but there is the possibility of leukemia evolution from a common B-cell precursor. The fact that sALL has been documented to occur in the absence of prior chemotherapy lends support for this possibility.^[@ref12]^

We present a unique report of two patients who developed sALL after therapy and remission of DLBCL. The first case presented is more consistent with a therapyrelated ALL (t-ALL) given the PCR analysis of bone marrow aspirate revealing a distinct clone and the presence of the MLL gene rearrangement. The second case almost certainly represents a clonal evolution given the positive MYC and BCL2 fusion signals in the original diagnosis of DLBCL and the sALL.

There are two other reports in the literature of patients with DLBCL, and even multiple myeloma, that relapsed as ALL.^16--\ 18^ In one study, molecular analysis of the immunoglobulin heavy-chain gene showed that the initial lymphoma and its relapse were clonally related.^[@ref16]^ Although more common in indolent lymphomas, DLBCL has also been rarely shown to present or progress to a leukemic phase with mature B cells in the peripheral blood, but this is distinct from our presentation of patients with a lymphoblastic phenotype.^[@ref19],[@ref20]^

Our study is also unique in that we present a patient with an ALL characterized by the BCL2/MYC rearrangement, which is rare but has been described previously.^[@ref21]^ This phenotype has been associated with early treatment failure,^[@ref21]^ akin to our patient's rising blast count during induction therapy.

Conclusions {#sec1-5}
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sALL is a distinct entity from *de novo* ALL that is increasingly being reported. We present an additional two patients with such a phenomenon who relapsed with sALL after treatment and complete remission of DLBCL. Further research is needed to determine the causality of such sALL clones and to assess their clinical implications.
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